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© Membrane-based IC test probe with precisely positioned contacts. 



© A membrane-based test probe for testing in- 
tegrated circuit dies includes a membrane bearing 
*"die contacts and leads, a carrier for the membrane, 
^and a translation stage. The translation stage is used 
f^to protrude an inner region of the membrane so that 
00 it can contact a die withou t interference due to outer 
^regions of the membrane contacting other dies on 
t- the wafer. To limit relative displacement of the con- 
COtacts during protrusion of the membrane by the 
^translation stage, the translation stage is glued to the 
O membrane at an annular region enclosing the inner 
^region on which the contacts lie. In addition, a rec- 
ijjtangular pattern formed within a central region en- 
closed by the inner region further constrains relative 
contact movement. Precompensation, involving posi- 



tioning the contacts more closely together than ulti- 
mately desired prior to protrusion so that upon pro- 
trusion they assume the desired positions, supple- 
ments the foregoing techniques for superior control 
over contact positioning. 
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MEMBRANE-BASED IC TEST PROBE WITH PRECISELY POSITIONED CONTACTS 



BACKGROUND OF THE INVENTION 



The present invention relates to test probes for 
testing integrated circuits. A major objective of the 
present invention is to provide a test probe with 
more precisely controlled contact registration and a 
method of making the same. 

Semiconductor processing technology has pro- 
vided for the manufacture of small, complex in- 
tegrated circuits. These integrated circuits can be 
processed in batches on a single semiconductor 
wafer. The cost of fabricating an integrated circuit 
is low relative to the cost of packaging individual 
devices and integrating them into systems. De- 
pending on circuit complexity and the processing 
technology employed, the manufacturing yield for a 
device can vary considerably, e.g., from 0% to 
100% of devices on a wafer may be fully func- 
tional. 

Since it is costly to test an integrated circuit 
after packaging, and even more costly to test after 
incorporation of a packaged integrated circuit into a 
system, test instruments have been designed to 
test integrated circuits while still on the wafers on 
which they were fabricated. Typically, test probes 
physically and electrically contact bonding pads on 
an integrated circuit to provide the electrically cou- 
pling required for evaluating its functionality. 

Test probes have had to evolve to keep pace 
with rapidly advancing Integrated circuit technol- 
ogy. Tests probes have been designed with wires 
cantilevered radially inward and downward to con- 
tact bonding pads on an integrated circuit die. 
Typically, these are the same bonding pads used 
to couple the die electrically with a package which 
protects and provides interfacing for the integrated 
circuit It has not proved practicable to develop 
wire-based probes with sufficiently thin and nu- 
merous wires to test today's most highly integrated 
circuits. 

The thin film techniques used to manufacture 
integrated circuits have been adapted to the fab- 
rication of test probes suitable for more highly 
integrated circuits. Devices using such techniques 
or related techniques are disclosed in "Rim Sup- 
ported Probe For The AC Pulse Testing of In- 
tegrated Circuits" by F.H. Dill and RJ. Rosalli. IBM 
Technical ^ Disclosure Bulletin, Vol. 10, No. 10, 
March 1968, and in U.S. Patent No. 4,636,722 to 
Adezzone. Contacts can be formed lithographically 
cn a membrane in positions matching the positions 
of contact pads on a die to be tested. Either 
before, during, or after contact formation, conduc- 
tive leads are formed extending from the contact 



positions radially outward. 

A carrier board can be glued to the membrane. 
An annular translation stage is positioned within the 
carrier board and frictionally contacts an annular 

s membrane region enclosing the contacts. The 
translation stage is pushed against the membrane 
so that the region enclosed by the translation stage 
protrudes relative to the carrier board. This ensures 
that the contacts can contact the bonding pads of 

to the die without physical interference caused by 
contact of the membrane with areas of the wafer 
away from the die under test A lens assembly with 
an elastomerlc spring is pressed against the con- 
tact region of the -membrane to force the contacts 

is against the pads during testing. A window Is situ- 
ated to confine the lens . assembly, pressing it 
against the membrane, and to provide for visual 
alignment of contacts and pads. 

While successfully overcoming the limitations 

20 of wire-based test probes, available membrane- 
based test probes have had their capabilities ex- 
ceeded by further advances in integrated circuit 
technology. Applicants have found that as bonding 
pad size is decreased and as die size is increased, 

25 it becomes more difficult to mate die and test 
probe successfully. Applicants' studies have in- 
dicated that one major source of probe-to-die mis- 
match is the displacement of probe contacts due to 
elastic deformation of the membrane when the 

30 translation stage is protruded from the plane of the 
carrier board. It is a primary objective of the 
present Invention to overcome these limitations to 
membrane-based test probes. 

35 

SUMMARY OF THE INVENTION 



The present invention provides for the con- 
w straint .of relative movement between contacts dur- 
ing the protrusion of the translation stage. This is 
done primarily by bonding the translation stage to 
the membrane so that the membrane region en- 
closed by the translation stage stretches less than 
45 the region outside the translation stage during its 
protrusion. This approach can be supplemented by 
forming a rigid pattern within a central region ex- 
tending near but excluding the contacts on the 
membrane. This pattern can be dedicated to main- 
50 talning contact positions only, or serve an addi- 
tional purpose such as height sensing or probe 
alignment In addition, the contacts can be posi- 
tioned initially to precompensate for subsequent 
relative movements. 

These provisions ensure a membrane-based 
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test probe with more precisely controlled contact 
positions. Since the contact positions can be more 
accurately matched to the bonding pad positions 
on a die under test, the mating of probe and die Is 
greatly facilitated. In particular, advanced integrated s 
circuits with increased die sizes and smaller die 
bonding pads can be tested reliably and conve- 
niently. Other features and advantages of the 
present invention are apparent in view of the de- 
scription below with reference to the following jo 
drawings. 



FIGURE 1 is a sectional view of a test probe 
in accordance with the present invention. 

FIGURE 2 Is a plan view of the test probe of 
FIG. 1 with portions cutaway. 20 

FIGURE 3 13 a sectional view of a portion of 
the test probe of F1Q.1. 

FIGURE 4 Is a plan view of a portion of the 
test probe of FIG. t. 

FIGURE 5 is a plan view of a portion of 25 
another test probe in accordance with the present 
invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 30 
MENTS 

A membrane-based test probe 11 comprises a 
membrane 13, a carrier 14, an insulator ring 16, a 
translation stage 17, a lens assembly 19 and an' 35 
alignment window 21, as shown in FIGS. 1 and 2. 
Fabricated on membrane 13 are contacts 23 and 
associated leads 25, shown in FIGS.2 and 3. Con- 
tacts 23 are positioned to mate with bonding pads 
on an integrated circuit die. The electrical tunc- n 
tonality of the die can be tested by a circuit 
analyzer using test probe 11 as an interface. 

Typically, the die under test is one of many 
fabricated on a wafer of silicon or other semicon- 
ductor material. To ensure probe 11 does not con- 46 
tact adjacent dies, its center is protruded by trans- 
lation stage 17 from the plane defined by carrier 
15. The position of translation stage 17 relative to 
carrier 15 is maintained by three leaf springs 27. 
Translation stage 17 encircles and maintains the so 
protruded position for the membrane's inner region 
29, which bears contacts 23, and the membrane's 
central region 31, Which is radially inward of con- 
tacts 23, as shown in FIG. 3. 

During fabrication of probe 1 1 . contacts 23 and 55 
leads 25 are formed while membrane 13 is flat 
Translation stage 17 is used to protrude inner re- 
gion 29 and central region 31 from their positions 



prior to translation. Membrane 13 necessarily 
stretches to accommodate this protrusion. As 
shown in FIG. 3, translation stage 17 is bonded to 
membrane 13 with glue 33 along an annular region 
35 of membrane 13. Translation stage 17 is consid- 
erably less flexible than membrane 13 and thus 
constrains expansion of regions 29 and 31 en- 
closed by it. Stretching to accommodate protrusion 
is thus largely confined to an outer region 37 of 
membrane 13 between annular region 35 to which 
translation stage 17 is glued and a peripheral re- 
gion 39. FIG. 1, of membrane 13 to which carrier 
15 is glued. 

In reference to FIG. 3, since stretching is mini- 
mized in inner region 29, contacts 23 formed there- 
on substantially maintain their original positions 
during and after the translation procedure. Without 
such constraint, contacts 23 would not only move, 
but move in relatively unpredictable amounts since, 
generally, the elastic deformation forced by the 
protrusion would be non-uniform. 

Contact position control can be further en- 
hanced by including a pattern in central region 31 
radially inward from contacts 23. FIG. 4 shows a 
rectangular pattern 41 formed in central region 31. 
This pattern 41 can be formed conveniently in the 
same steps used in defining leads 25. Being a 
closed pattern of material more rigid than mem- 
brane 13. rectangular pattern 41 serves to further 
constrain the movement of contacts 23 from the 
membrane center and relative to each other during 
protrusion. As used herein, "rectangular" includes 
"square" as a special case. 

to an alternative' embodiment, shown in FIG. 5, 
a central pattern 141 serves a function other than 
dimensional stability. The basically rectangular 
center pattern 141 comprises two capacitJvely 
coupled Interdigitated electrical elements 143 and 
145. Each element 143, 145 has an associated pair 
of leads 147. 149. Element 143 is used as a signal 
source and its leads 147 are used to provide a sine 
wave Input to pattern 141. Element 145 is used as 
a signal sensor and its lead 149 transmit a de- 
tected signal to a signal strength detector (not 
shown). Signal amplitude is at a minimum in the 
absence of a device under test As a die is raised 
toward the contacts, capacitance increases and the 
detection signal amplitude increases. A predeter- 
mined signal amplitude threshold can be used to 
indicate the position of die with respect to probe 
11. Thus a signal output by element 145 can be 
compared with a threshold to determine when a die 
is properly positioned for electrical testing. 

In other embodiments, pattern can be used for 
alignment of the probe with features on the die 
other than die bonding pads. This can be helpful 
when small die bonding pads are obscured by 
mating contacts to an extent rendering proper reg- 
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istration impracticable. 

While gluing of translation stage 17 and the 
use of the rigid pattern 41. in the central region can 
limit relative contact displacement sufficiently to 
allow testing larger and more densely integrated 
dies than heretofore practicable, these techniques 
cannot eliminate such displacement entirely. How- 
ever, these techniques confine stretching to make 
its efforts predictable. Thus, it becomes practicable 
to precompensate for the stretching. In other 
words, the contacts can be fabricated more closely 
together than required during testing so that, upon 
protrusion and concomitant stretching, contacts 23 
assume the relative positions required for mating 
even a very large die with very small die bonding 
pads. 

Test probe 1 1 can be manufactured according 
to the following procedure. First a membrane 
"blank" is obtained and the desired conductive 
pattern is formed thereon: The membrane material 
can be purchased or fabricated with a conductive 
layer on an insulating flexible material, such as 
polyimide. Leads 25 and central pattern 41 can be 
defined in the conductive layer using photo-lithog- 
raphy. A ground plane 5.1, shown In FIG. 3, can be 
added, for example, by sputtering a metal onto the 
side of membrane 13 opposite leads 25. To form 
contacts 23, holes are drilled into membrane 13 
using a laser milling technique. The holes are then 
filled by plating to form contacts 23. Membrane 13 
is then bonded to carrier 1.5. This connection Is 
made using vias plated into holes drilled into mem- 
brane 13. The carrier conductors are connected to 
an external contact pad to which test circuitry con- 
nects. 

Translation stage 17 can be glued to annular 
region 35 of the patterned membrane 13. Then 
translation stage 17 is moved relative to carrier 15 
in a direction orthogonal to the plane of membrane 
13. As a result of this translation, while outer region 
37 assumes a conical form illustrated in FIG. 1. 
inner region 29 and central region 31 substantially 
maintain their forms through the translation. Inner 
region 29 is slightly articulated due to the force of 
lens assembly 19 on membrane 13, while central 
region 31 Is essentially planar. 

Since annular region 35 is glued to the rela- 
tively rigid translation stage 17, regions 29 and 31 
enclosed thereby are constrained from expanding. 
Therefore, the additional area required as outer 
region 37 assumes a conical form Is provided 
primarily by stretching outer region 35 with negli- 
gible stretching of inner region 29 and central re- 
gion 31. Thus, the gluing of translation stage 17 to 
annular region 35 helps preserve the relative posi- 
tions of contacts 23 through the translation pro- 
cess. 

Just as the gluing of translation stage 17 



serves to minimize relative contact displacement 
due to the force of the translation stage on mem- 
brane 13, a central rectangular pattern 41 can be 
used to minimize relative displacement of contacts 

s 23 due to the force of lens assembly 19. Lens 
assembly 19 includes a self-leveling lens 43 and a 
disc-shaped elastomeric spring 45. The hemisphe- 
rical shape of self-leveling lens 43 allows ft to 
rotate to maintain gross planarrty of elastomeric 

to spring 45 with membrane 13, while the elastomeric 
spring 45 deforms as necessary to uniformly dis- 
tribute force over its region of contact with mem- 
brane 13. The action of lens assembly 19 pro- 
trudes central region 31 from inner region 29 so 

is that the latter does not Interfere with the mating of 
contacts 23 with a device under test. Rectangular 
pattern 41 helps to maintain the relative position of 
contacts 23 despite the application of force by lens 
assembly 19. 

so In addition, the mechanical isolation of regions 
29 and 31 by translation stage 17 is not perfect so 
rectangular pattern 41 further constrains on the 
movement of contacts 23 due to the action of 
translation stage 17. Specifically, rectangular pat- 

25 tern 41 minimizes local non-uniformities that can 
cause the contacts to move irregularly with respect 
to each other so that the basic configuration of 
contacts 23 is not distorted even though a small 
amount of expansion can occur. 

30 Since a test probe manufactured using the 
foregoing techniques exhibits predictable contact 
displacements, these displacements can be 
precompensated by locating the contacts during 
patterning a small amount radially Inward of the 

35 desired ultimate contact positions. As incorporated 
In the present Invention, this Isotropic precompen- 
satj'on step is more effective than when applied 
without the constraining steps. In the case of an 
unbonded translation stage, local non-uniformities 

40 in membrane expansion limit the effectiveness of 
precompensation because of variable relative con- 
tact movements and changes in contact pattern 
shape. 

In accordance with the foregoing, an improved 
45 test probe and method for making the same pro- 
vide for more precise control of probe contact 
placement. The present Invention provides for 
many alternatives to the preferred embodiments 
described above. The translation stage can take 
so many alternative forms and can be bonded to the 
membrane using different methods. Including glu- 
ing, fusing, tacking, and otherwise mechanically 
attaching. The translation stage and membrane car- 
rier can be attached in a variety of ways. The 
55 central patterns can serve various secondary func- 
tions such as alignment, height sensing, etc. The 
fabricating steps can be performed according to a 
range of techniques and sequences. These and 
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other modifications and variations are provided for 
by the present invention, the scope of which is 
limited only by the following claims. 



1. A de 

a membrane including an enclosed region, an an- 
nular region, an outer region and a peripheral re- 
gion in radially outward succession; 
electrical elements formed on said membrane, said 
electrical elements including contacts located with- 
in said enclosed regions and leads extending from 
respective ones of said contacts radially outward 
through said annular region; 
a frame bonded to said membrane at said periph- 
eral region: 

a translation stage bonded at said annular region of 
said membrane and enclosing said enclosed re- 
gion; said 

holding means for holding said translation stage in 
a predetermined position relative to said frame 
means in a direction perpendicular to said en- 
closed region so that said enclosed region is de- 
formed to a substantially lesser extent than said 
outer region. 

2. The device of Claim 1 further comprising a 
central pattern formed on a central subreglon of 
said enclosed region, said membrane having great- 
er elasticity then said central pattern so that when 
said translation stage is moved relative to said 
frame, said contacts do hot move significantly rela- 
tive to each other. 

3. The device of Claim 2 wherein said central 
pattern includes a pair of capacitively coupled elec- , 
trical elements. 

4. The device of Claim 1 further comprising a 
lens means situated within said translation stage 
and in contact with said central region. 

5. The device of Claim 4 further comprising a 
window disposed on said lens means. 

S. A method comprising: 
obtaining a membrane having a central region, an 
inner region, an annular region, an outer region and 
a peripheral region in radially outward succession, 
said regions being mutually exclusive except for 
common boundaries; 

disposing said membrane in a planar configuration 
including all of said regions; 
forming on said membrane contacts and leads so 
that said leads are electrically coupled to and ex- 
tending radially outward from respective of said 
contacts, said contacts being formed on said inner 
region; 

attaching a frame to said peripheral region of said 



3 a translation stage to said annular region 



of said membrane; and 

moving said translation stage orthogonally with re- 
spect to said central region and relative to said 
frame so the extent of deformation of said mem- 
brane in said outer region substantially exceeds the 
extent of deformation in said central and inner 
regions. 

7. The method of Claim 6 further comprising a 
step of inserting a lens means in said translation 
stage and pressing said lens means against said 
central and inner regions. 

8. The method of Claim 7 wherein said forming 
step further includes forming a pattern within said 
central region using a material of lesser elasticity 
than said membrane so that said pattern constrains 
the relative movement of said contacts during said 
moving step. 

9. The method of Claim 8 further comprising a 
compensating step of determining the positions 
required for positioning said contacts during said 
forming step so that said, contacts attain predeter- 
mined positions after said moving step. 

10. The method of Claim 8 wherein said pat- 
tern is formed of two capacitively coupled electrical 
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